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(57)Abstract : 
PROBLEM TO BE SOLVED: To provide a method of controlling the oxygen 



concentration in a silicon single crystal, by which the distribution of the oxygen 
concentration in the axial direction of the single crystal can be controlled within 
a desired range and the distribution of the oxygen concentration in the radial 
direction of the single crystal can be unrformized. 

SOLUTION: The relational formula between the distribution of the oxygen 
concentration in the axial direction and control factors at the time of operation 
and the relational formula between the distribution of the oxygen concentration 
in the radial direction and the rotary speed of a crucible are previously found, 
and then the constraint conditions to the rotary speed of the crucible for 
obtaining a desired distribution of the oxygen concentration in the radial 
direction are calculated. The desired oxygen concentrations in the radial and 
axial directions can be obtained by controlling other control factors mentioned 
above in the range that the rotary speed of the crucible in operation is kept 
within the constraint conditions. 
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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a method of controlling 
the oxygen concentration in a silicon single crystal, by which 
the distribution of the oxygen concentration in the axial 
direction of the single crystal can be controlled within a desired 
range and the distribution of the oxygen concentration in the 
radial direction of the single crystal can be uniformized. 
SOLUTION: The relational formula between the distribution of 
the oxygen concentration in the axial direction and control 
factors at the time of operation and the relational formula 
between the distribution of the oxygen concentration in the 
radial direction and the rotary speed of a crucible are previously 
found, and then the constraint conditions to the rotary speed of 
the crucible for obtaining a desired distribution of the oxygen 
concentration in the radial direction are calculated. The desired 
oxygen concentrations in the radial and axial directions can be 
obtained by controlling other control factors mentioned above 
in the range that the rotary speed of the crucible in operation is 
kept within the constraint conditions. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the control approach of the silicon single crystal oxygen density at the time of pulling up a 
silicon single crystal from the silicon melting liquid in quartz crucible It asks for the relational expression of 
shaft-orientations distribution of an oxygen density, and the controlling factor at the time of operation, and 
the relational expression of the direction distribution of a path and the crucible rotation rate of an oxygen 
density beforehand. In the range in which the restriction to the crucible rotation rate for acquiring the 
direction distribution of a path of a desired oxygen density is computed, and the crucible rotation rate under 
operation does not exceed this restriction The control approach of the silicon single crystal oxygen density 
characterized by acquiring the direction distribution of a path and shaft-orientations distribution of a desired 
oxygen density by controlling said other controlling factors. 

[Claim 2] In the control approach of the silicon single crystal oxygen density at the time of pulling up a 
silicon single crystal from the silicon melting liquid in quartz crucible Beforehand The relational expression 
of shaft-orientations distribution of an oxygen density, and the controlling factor at the time of operation, the 
relational expression of the direction distribution of a path and the crucible rotation rate of an oxygen 
density, And the restriction to the crucible rotation rate for asking for the relational expression of the 
reduction of area of a single crystal, and the rotational speed of a single crystal, and acquiring the direction 
distribution of a path of a desired oxygen density, In and the range in which the restriction of the rotational 
speed of a single crystal to the reduction of area of the single crystal permitted is computed, and the crucible 
rotation rate under operation and the rotational speed of a single crystal do not exceed said restriction The 
control approach of the silicon single crystal oxygen density characterized by acquiring the direction 
distribution of a path and shaft-orientations distribution of a desired oxygen density by controlling said other 
controlling factors. 

[Claim 3] The control approach of the silicon single crystal oxygen density according to claim 1 or 2 
characterized by said restriction being what set up for every predetermined section of the rate of raising of a 
single crystal. 

[Claim 4] The control approach of a silicon single crystal oxygen density given in one term of claims 1-3 to 
which the controlling factor at the time of said operation is characterized by being the rate of raising of a 
single crystal, the rotational speed of a single crystal, the rotational speed of crucible, the pressure in a 
chamber, the flow rate of inert gas, and heater power. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control approach of the silicon single crystal oxygen 
density at the time of pulling up a silicon single crystal (it only being hereafter described as a single crystal) 
from silicon melting liquid with the Czochrlski method (it being hereafter described as a CZ process) etc. in 
a detail more about the control approach of a silicon single crystal oxygen density. 
[0002] 

[Description of the Prior Art] Although there are various approaches in pulling up the single crystal used as 
the ingredient of a semi-conductor, a CZ process is in one of them. Drawing 1 R> 1 is the sectional view 
having shown typically the single crystal growth equipment used in case a single crystal is pulled up by this 
CZ process, and 1 1 in drawing shows the furnace body. The inside of the furnace body 1 1 is a chamber 1 0, 
and the upper part of a chamber 10 has become cylinder-like upper chamber 10a. Quartz crucible 12a which 
carried out the shape of a closed-end cylindrical shape is arranged in the center section of the chamber 10, 
and it fills up with the melting liquid 13 of silicon in quartz crucible 12a. Moreover, graphite crucible 12b 
which carried out the shape of a closed-end cylindrical shape is arranged in the periphery of quartz crucible 
12a, and crucible 12 is constituted by these quartzes crucible 12a and graphite crucible 12b. Moreover, the 
driving gear (not shown) is connected to the crucible 12 lower part through the revolving shaft 14, and if this 
driving gear is made to drive, crucible 12 will rotate and move up and down at a predetermined rate. 
[0003] Moreover, heater 15a and heat insulator 15c are arranged in the outside of crucible 12 by this and 
concentric circular, melting of the silicon raw material with which heater 1 5a was filled up in quartz crucible 
12a is carried out, and melting liquid 13 is formed. Moreover, the raising shaft 16 is hung on the medial axis 
of crucible 12, seed crystal 16b is attached at the tip of the raising shaft 16 through seed crystal holder 16a, 
and the raising shaft 1 6 can be pulled up now up. 

[0004] Moreover, it connects with the vacuum pump (not shown) through opening (not shown), and the 
lower part of a chamber 10 makes this vacuum pump drive, and sets the pressure in a chamber 10 as a 
predetermined pressure. Moreover, the gas transfer unit (not shown) is connected to upper chamber 10a, this 
gas transfer unit is made to drive and inert gas, such as Ar, is supplied in a predetermined flow rate and a 
chamber 10. 

[0005] Thus, when pulling up a single crystal by the CZ process using the constituted crystal growth 
equipment, while being first filled up with a silicon raw material in quartz crucible 12a, making a vacuum 
pump drive and setting the inside of a chamber 10 as a predetermined pressure, a gas transfer unit is made to 
drive and the inert gas of a predetermined flow rate is introduced in a chamber 10. Next, a current is 
supplied to heater 15a, crucible 12 is heated, and melting liquid 13 is formed. Next, after contacting seed 
crystal 16b attached at raising shaft 16 tip on melting liquid 13 front face, pull up the raising shaft 16, 
rotating crucible 12 at a predetermined rate, melting liquid 13 is made to solidify, and a single crystal 20 is 
grown up. 

[0006] By the way, a silicon single crystal oxygen density is mentioned as one of the quality evaluation 
criteria about a single crystal 20. If it not only serves to raise the mechanical strength of the silicon wafer as 
a product, but it has the operation (in thorin chic gettering operation) which captures the impurity in a 
silicon wafer and the oxygen of predetermined concentration is dissolving in a single crystal 20, in order that 
the oxygen in a single crystal may raise the engine performance of a semiconductor device, it is an 
important management item in single crystal manufacture to dedicate a silicon single crystal oxygen density 
to request within the limits. 

[0007] The source of supply of this oxygen is quartz crucible 12a, and a part of oxygen which began to melt 
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into melting liquid 13 from quartz crucible 12a is incorporated in a single crystal 20 through a solid-liquid 
interface. However, the touch area of melting liquid 13 and quartz crucible 12a decreased, the amount of 
penetration of the oxygen from quartz crucible 12a to melting liquid 13 decreased in connection with this, 
and the oxygen density in a single crystal decreased, consequently there was a problem that the oxygen 
density about the shaft orientations (the raising direction) of a single crystal 20 tends to become an 
ununiformity as the single crystal 20 could pull up and the height of the 13 th page of melting liquid became 
low. In order to cope with this problem, while making rotational speed of the single crystal in the case of 
single crystal raising gradually quicker than the rotational speed of crucible, the control approach of the 
silicon single crystal oxygen density of making it quick with the rotational speed of crucible is proposed by 
raising of a single crystal. 
[0008] 

[Problem(s) to be Solved by the Invention] Since the rotational speed of a single crystal and the rotational 
speed of crucible are factors which affect the flow condition of the melting liquid in crucible directly, they 
are a controlling factor important when controlling the oxygen density in a single crystal. Since the touch 
area of melting liquid and quartz crucible decreases, the amount of penetration of the oxygen from quartz 
crucible to melting liquid decreases and the oxygen density in a single crystal decreases as a single crystal 
can pull up and the height of a melting oil level becomes low, as for it being effective when attaining 
equalization of the oxygen density about the shaft orientations of a single crystal, it is clear to enlarge with 
the rotational speed of a single crystal and the rotational speed of crucible at raising of a single crystal. 
[0009] However, by enlarging rotational speed of a single crystal, and rotational speed of crucible, the flow 
condition of the melting liquid directly under a single crystal will become complicated, and it will become 
very difficult to maintain the oxygen density about the direction of a path of a single crystal to homogeneity. 
That is, the homogeneity of the oxygen density distribution about the direction of a path in a single crystal 
will get worse as rotational speed of crucible is enlarged. Moreover, when rotational speed of a single 
crystal is enlarged, it becomes difficult to pull up the single crystal which it becomes easy to transform a 
single crystal and carried out the desirable cylindrical shape-like configuration. 

[0010] Recently, it is becoming still more important with diameter [ of macrostomia ]-izing of a silicon 
wafer to control the oxygen density distribution about the direction of a path of a single crystal from the 
viewpoint of producing a device with the same quality, from the same silicon wafer. 
[001 1] While this invention is made in view of the above-mentioned technical problem and dedicating the 
oxygen density distribution about the shaft orientations of a single crystal within desirable limits, it aims at 
offering the control approach of the silicon single crystal oxygen density which can attain equalization of the 
oxygen density distribution about the direction of a path of a single crystal. 
[0012] 

[The means for solving a technical problem and its effectiveness] In order to attain the above-mentioned 
purpose, the control approach (1) of the silicon single crystal oxygen density concerning this invention In 
the control approach of the silicon single crystal oxygen density at the time of pulling up a silicon single 
crystal from the silicon melting liquid in quartz crucible It asks for the relational expression of shaft- 
orientations distribution of an oxygen density, and the controlling factor at the time of operation, and the 
relational expression of the direction distribution of a path and the crucible rotation rate of an oxygen 
density beforehand. It is characterized by acquiring the direction distribution of a path and shaft-orientations 
distribution of a desired oxygen density by computing the restriction to the crucible rotation rate for 
acquiring the direction distribution of a path of a desired oxygen density, and controlling said other 
controlling factors in the range in which the crucible rotation rate under operation does not exceed this 
restriction. According to the control approach (1) of the above-mentioned silicon single crystal oxygen 
density, it becomes possible to also attain equalization of the oxygen density distribution about the direction 
of a path of a single crystal moreover, attaining equalization of the oxygen density distribution about the 
shaft orientations of a single crystal. 

[0013] Moreover, the control approach (2) of the silicon single crystal oxygen density concerning this 
invention In the control approach of the silicon single crystal oxygen density at the time of pulling up a 
silicon single crystal from the silicon melting liquid in quartz crucible Beforehand The relational expression 
of shaft-orientations distribution of an oxygen density, and the controlling factor at the time of operation, the 
relational expression of the direction distribution of a path and the crucible rotation rate of an oxygen 
density, And the restriction to the crucible rotation rate for asking for the relational expression of the 
reduction of area of a single crystal, and the rotational speed of a single crystal, and acquiring the direction 
distribution of a path of a desired oxygen density, In and the range in which the restriction of the rotational 
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speed of a single crystal to the reduction of area of the single crystal permitted is computed, and the crucible 
rotation rate under operation and the rotational speed of a single crystal do not exceed said restriction By 
controlling said other controlling factors, it is characterized by acquiring the direction distribution of a path 
and shaft-orientations distribution of a desired oxygen density. Without making a single crystal transform 
according to the control approach (2) of the above-mentioned silicon single crystal oxygen density, attaining 
equalization of the oxygen density distribution about the shaft orientations of a single crystal, the single 
crystal which carried out the shape of a cylindrical shape can be pulled up, and it becomes possible to also 
attain equalization of the oxygen density distribution about the direction of a path of a single crystal 
moreover. 

[0014] Moreover, the control approach (3) of the silicon single crystal oxygen density concerning this 
invention is set to the control approach (1) of the above-mentioned silicon single crystal oxygen density, or 
(2), and said restriction is characterized by being what is set up for every predetermined section of the rate 
of raising of a single crystal. According to the control approach (3) of the above-mentioned silicon single 
crystal oxygen density, since said restriction is set up for every predetermined section of the rate of raising 
of a single crystal, it becomes possible to attain further equalization of the oxygen density distribution about 
the shaft orientations of a single crystal, and equalization of the oxygen density distribution about the 
direction of a path of a single crystal with a high level. 

[0015] Moreover, the control approach (4) of the silicon single crystal oxygen density concerning this 
invention is characterized by the controlling factors at the time of said operation being the rate of raising of 
a single crystal, the rotational speed of a single crystal, the rotational speed of crucible, the pressure in a 
chamber, the flow rate of inert gas, and heater power in either of control approach [ of the above-mentioned 
silicon single crystal oxygen density ] (1) - (3). According to the control approach (4) of the above- 
mentioned silicon single crystal oxygen density, it becomes possible to attain certainly equalization of the 
oxygen density distribution about the shaft orientations of a single crystal, and equalization of the oxygen 
density distribution about the direction of a path of a single crystal. 
[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of the control approach of the 
silicon single crystal oxygen density concerning this invention is explained based on a drawing. In addition, 
suppose that the same sign is given to the component part which has the same function as the component 
part of the equipment mentioned above, and the explanation is omitted with the equipment used for a pull-up 
of a silicon single crystal. Drawing 1 is the sectional view having shown typically the single crystal growth 
equipment used in case a single crystal is pulled up, enforcing the control approach of the silicon single 
crystal oxygen density concerning the gestalt of operation. 

[0017] Wire raising equipment 19 is arranged above the furnace body 1 1 through the wire slewing gear 1 8, 
the wire slewing gear 18 and wire raising equipment 19 are equipped with Motors 18a and 19a, if motor 18a 
is made to drive, the raising shaft 16 will rotate, and if motor 19a is made to drive, the raising shaft 16 will 
go up and down in the vertical direction. The rise-and-fall means 17 is constituted including these raising 
shaft 16, the wire slewing gear 18, and wire raising equipment 19. Moreover, the gas transfer unit (not 
shown) is connected to upper chamber 10a, and if this gas transfer unit is made to drive, inert gas, such as 
Ar, will be supplied in a predetermined flow rate and a chamber 10. 

[0018] Moreover, heater 15a is arranged in the outside of crucible 12 by this and concentric circular, heater 
15a is connected to power supply 15b, and the heating means 15 is constituted including these heater 15a 
and power supply 15b. Melting of the silicon raw material with which heater 15a was filled up in quartz 
crucible 12a is carried out, and melting liquid 13 is formed. 

[0019] Moreover, observation window 1 la is formed in the center section of the furnace body 11,2- 
dimensional CCD camera 31 is arranged in the single crystal 20 and the part which counters on both sides of 
observation window 11a, 2-dimensional CCD camera 31 is connected to the image-processing section 32, 
and this image-processing section 32 is connected to the temperature calculation control means 33 and the 
raising rate operation control means 34. 2-dimensional CCD camera 31 computes the diameter reduction of 
area used as the index of the diameter of a single crystal 20, and the deformation condition of a single 
crystal 20 by detecting luminance distribution [ / near the fusion ring 21 formed in the perimeter of a single 
crystal 20 ], and processing this luminance distribution in the image-processing section 32. 
[0020] Moreover, the temperature calculation control means 33 is connected to the heating means 15, and 
the heating means 15 is controlled by the temperature calculation control means 33. Moreover, it connects 
with the wire slewing gear 18 and wire raising equipment 19, and the raising rate operation control means 
34 is constituted so that Motors 18a and 19a may be made to drive and rise-and-fall rotation of the raising 
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shaft 16 may be controlled. Moreover, it connects with the vacuum pump (not shown), and the lower part of 
a chamber 10 makes this vacuum pump drive, and sets the furnace internal pressure of a chamber 10 as a 
predetermined pressure. 

[0021] Thus, when pulling up a single crystal 20 by the CZ process using the constituted crystal growth 
equipment, while being first filled up with a silicon raw material in quartz crucible 12a, making a vacuum 
pump drive and setting the inside of a chamber 10 as a predetermined pressure, a gas transfer unit is made to 
drive and the inert gas of a predetermined flow rate is introduced in a chamber 10. Next, a current is 
supplied to heater 15a, crucible 12 is heated, and melting liquid 13 is formed. Next, after contacting seed 
crystal 16b attached at raising shaft 16 tip on melting liquid 13 front face, pull up the raising shaft 16, 
rotating crucible 1 2 at a predetermined rate, melting liquid 1 3 is made to solidify, and a single crystal 20 is 
grown up. 

[0022] In the raising process of this single crystal 20, in order to control the oxygen density of a single 
crystal 20, the convergence solution of the simultaneous equations of a equation of continuity, NABIE 
Stokes 1 equation, a conservation-of-energy equation, and the material balance equation of oxygen is 
calculated by the numerical-analysis method by making the melting liquid 13 in crucible applicable to 
analysis. An example of the simulation result by the numerical-analysis method is shown in drawing 2 . In 
the simulation result shown in drawing 2 , the distance from a wafer core was standardized in the distance to 
a wafer endpoint, and the oxygen density is standardized by the oxygen density based on wafers. In order 
according to this simulation result for the difference of a crucible rotation rate to have influenced the 
direction distribution of a path of an oxygen density greatly and to acquire the direction distribution of a 
path of a desired oxygen density, it is clear that it is required for the rotational speed of crucible to establish 
an upper limit. 

[0023] In control of the silicon single crystal oxygen density concerning the gestalt of this operation, a upper 
limit is set as the crucible rotation rate for acquiring the direction distribution of a path of a desired oxygen 
density by asking for the relational expression of shaft-orientations distribution of an oxygen density, and 
the controlling factor at the time of operation of a crucible rotation rate etc., and the relational expression of 
the direction distribution of a path and the crucible rotation rate of an oxygen density beforehand. And the 
direction distribution of a path of a desired oxygen density is acquired by controlling other controlling 
factors, making it a crucible rotation rate not exceed this upper limit during raising of a single crystal 20. 
[0024] Here, it is the oxygen density OL of the shaft orientations of a single crystal 20. It can ask by the 
several 1 following formula. 
[Equation 1] OL =f(L,Sr,Cr,P,Q,H 

here — L - the rate of raising of a single crystal 20 - Sr - the rotational speed of a single crystal 20 - Cr — 
the rotational speed of crucible 12 - in P, Q expresses the flow rate of inert gas and H expresses heater 
power for the pressure in a chamber 10, respectively. 

[0025] Moreover, the several 2 following formulas define the direction distribution Or of a path of the 
oxygen density of a single crystal 20. 

[Equation 2] Or=(Omax-Omin)/Omin - here - Omax the maximum of the oxygen density within a wafer 
side — Omin The minimum value of the oxygen density within a wafer side is expressed, respectively. 
[0026] Moreover, the direction distribution Or of a path of the oxygen density of a single crystal 20 can be 
searched for by the several 3 following formulas. 
[Equation 3] Or=f(L,Sr,Cr,P,Q,H) 

Here, the semantics which L, Sr, Cr, P, Q, and H express is the same as that of the case of the number 1 
above-mentioned formula. 

[0027] Moreover, it defines by the several 4 following formulas by making deformation condition of a 
single crystal 20 into the reduction of area De. 

[Equation 4] De=(Dmax-Dmin)/Dmin — here — Dmax the maximum of the diameter within a wafer side — 
Dmin The minimum value of the diameter within a wafer side is expressed, respectively. 
[0028] Moreover, it can ask for this reduction of area De by the several 5 following formulas. 
[Equation 5] De=f(L,Sr,Cr,P,Q,H) 

Here, the semantics which L, Sr, Cr, P, Q, and H express is the same as that of the case of the number 1 
above-mentioned formula. 

[0029] The upper limit of the rotational speed Cr of the crucible 12 for acquiring the direction distribution 
Or of a path of a desired oxygen density is calculated using the relational expression (several 3 formulas) 
about the above-mentioned direction distribution Or of a path of an oxygen density. Moreover, it asks for 
the restriction of the rotational speed Sr of the single crystal 20 for obtaining the single crystal 20 which has 
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the permissible reduction of area De using the relational expression (several 5 formulas) about the above- 
mentioned reduction of area De. The restriction of the rotational speed Cr of these crucibles 12 and the 
rotational speed Sr of a single crystal 20 is taken into consideration, and it is the oxygen density OL of the 
shaft orientations of the above-mentioned single crystal 20. Oxygen density distribution of the direction of a 
path of not only the shaft orientations of a silicon single crystal 20 but the single crystal 20 is controllable by 
determining the control value of controlling factors L, Sr, Cr, P, Q, and H from the related relational 
expression (several 1 formula). 

[0030] And it is the oxygen density OL of the shaft orientations of a single crystal 20 for every section of 
the rate of raising first predetermined in order to control an oxygen density to high degree of accuracy more 
in the raising process of the actual single crystal 20. It asks for relation with the rotational speed Cr of 
crucible 12 beforehand, and the upper limit of the rotational speed Cr of the crucible 12 corresponding to 
each section of the predetermined rate of raising of a single crystal 20 is calculated from the direction 
distribution Or of a path of the oxygen density of the desired single crystal 20. Moreover, the correlation of 
the reduction of area De of a single crystal 20 and the rotational speed Sr of a single crystal 20 is beforehand 
searched for for every section of the predetermined rate of raising of a single crystal 20, and the upper limit 
of the rotational speed Sr of the single crystal 20 corresponding to each section of the predetermined rate of 
raising of a single crystal 20 is calculated from the reduction of area De of the permissible single crystal 20. 
[0031] Thus, in consideration of the restriction of the rotational speed Cr of the crucible 12 for which it 
asked, and the rotational speed Sr of a single crystal 20, the control input of controlling factors L, Sr, Cr, P, 
Q, and H is determined for every rate of raising of a single crystal 20 from the relational expression of the ' 
oxygen density of the single crystal 20 for which it asked beforehand, and the control value of controlling 
factors L, Sr, Cr, P, Q, and H. A single crystal 20 is raised based on the control input of these determined 
controlling factors L, Sr, Cr, P, Q, and H. 

[0032] Calculation of the operating condition of raising of the single crystal 20 at the time of setting up the 
value of the flow Q of inert gas, heater power H, and the reduction of area De as initial condition is 
performed according to the flow chart shown in drawing 3 . 
[0033] 

[Working Example(s) and Comparative Example(s)] The result of having enforced the control approach of 
the silicon single crystal oxygen density concerning an example, and having pulled up the single crystal 20 
is shown in drawing^ and drawin g_5 . In the example, as initial condition, the flow Q of inert gas was set as 
80 (1/min), the reduction of area De of 60 (kw) and a request was set as 0.014 (-) for heater power H, and the 
operating condition was computed according to the flow chart shown in drawing 3 . 

[0034] Although the value which standardized the oxygen density of a single crystal 20 showed in drawin g 
4 and drawing 5 , oxygen density distribution of the shaft orientations of a single crystal 20 and oxygen 
density distribution of the direction of a path of a single crystal 20 were able to obtain the single crystal 20 
which is the range of desired. 

[0035] The result of having enforced the control approach of the silicon single crystal oxygen density 
concerning the example of a comparison, and having pulled up the single crystal 20 is shown in drawing 6 
and drawing 7 . In the example of a comparison, although the flow Q of the inert gas as initial condition and 
heater power H were set up similarly to an example, the index of operating-condition calculation was made 
only into the oxygen distribution of shaft orientations, and computed the operating condition based on the 
deflection of the desired value of an oxygen density, and a track record value. Therefore, constraint of the 
operating condition by oxygen density distribution of the desired reduction of area or the desired direction of 
a path is not taken into consideration. 

[0036] By the control approach of the silicon single crystal oxygen density concerning the example of a 
comparison, although oxygen density distribution of the shaft orientations of a single crystal 20 was able to 
be dedicated within the limits of the request, oxygen density distribution of the direction of a path was not 
able to be dedicated within the limits of the request. 
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[Drawing 1] 




[Drawing 21 



•16 0.85 

i 











O3l±~0.14-2rpm 


■ 




□ 3l±$0.14-4*pm 


□ 




• 51±lfc0.50-2rpm 











0 0.2 04 0.6 0.8 1 1.2 

[Drawing 3] 
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[Drawing 4 ] 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 7^ 
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